New sensitive and rapid spectrophotometric methods for the determination of four analgesic drugs namely, nalbuphine (NALB), naltrexone (NALT), morphine (MORF) and tramadol (TRAM) in pharmaceutical formulations were developed and optimized. The proposed methods involve the addition of a measured excess of N-bromosuccinimide in acid medium followed by determination of unreacted NBS by reacting with either a fixed amount of methyl orange and measuring the absorbance at 508 nm (Method A), or orange G and measuring the absorbance at 478 nm (Method B). In both methods, the amount of NBS reacted corresponds to the amount of drugs. Under the optimum conditions, Beer's law limit, molar absorptivity and Sandell's sensitivity were calculated. The limits of detection and quantification were also reported for both methods. Statistical evaluation of the methods was examined by determining intra-day and inter-day precisions. The methods were successfully applied to the assay of drugs in their pharmaceutical formulations. No interference was observed from common additives and the validity of the methods was tested.
Introduction
Nalbuphine (À)-17-(cyclobutylmethyl)-4,5a-epoxymorphinan-3,6a,14-triol (Fig. 1a) is a semisynthetic narcotic agonistantagonist of the phenanthrene series. Structurally, it is closely related to naloxone, an antagonist of the opiate receptors and to oxymorphone, a narcotic agonist. Nalbuphine has been shown to be approximately equianalgesic to morphine, yet with a ceiling effect on ventilator depression and fewer adverse effects than pethidine or pentazocine. As an analgesic agent, it is almost as potent as morphine and has been widely used in the treatment of acute and chronic pain (Pick et al., 1992) . Its main advantages over morphine are a ceiling effect of respiratory depression, low tolerance liability and a lack of significant withdrawal symptoms. It is available as an injection for intramuscular and intravenous administration. The usual recommended doses are 10-20 mg by intravenous or intramuscular injection every 3-4 h. As to our best knowledge, there is no official analytical method for analyzing NALB in ampoule, in pharmacopoeias and the literatures.
A few methods have been described to detect nalbuphine in pharmaceutical formulations and in biological fluids; they include gas chromatography coupled to electron-capture detection (Weinstein et al., 1978) , or mass spectrometry (Yoo et al., 1995) , high-performance liquid chromatography with electrochemical detection (Groenendaal et al., 2005; Pao et al., 2000) and LC-MS/MS (Cai et al., 2011) . The GC methods (Yoo et al., 1995) , although sensitive, involved expensive equipment and time consuming preparation of samples and are not easily available for routine drug monitoring.
Naltrexone (17-cyclopropylmethylmethyl-6-deoxy -7,8dihydro-14-hydroxy-6-oxo-17-normorphine) ( Fig. 1b) , is a long-acting synthetic opiate antagonist with few side effects that is efficacious when administered orally, either daily or three times a week for a sustained period of time. Naltrexone has been determined by using a wide variety of analytical techniques, particularly chromatographic, such as high-performance liquid chromatography (HPLC) with electrochemical detection (Bru¨nen et al., 2010) , liquid chromatography (Slawson et al., 2007) , and gas chromatography coupled with mass spectrometry (Mehrdad et al., 2009) .
Tramadol hydrochloride is a centrally acting analgesic, used for treating moderate to severe pain. Tramadol hydrochloride possesses agonist actions at the l-opioid receptor and effects reuptake at the noradrenergic and serotonergic systems. Tramadol is a compound with l-agonist activity. Chemically it is [2-(dimethylaminomethyl)-1-(3-methoxyphenyl) cyclohexanol)], (Fig. 1c ). It is used to treat moderate to moderately severe pain and most types of neuralgia, including trigeminal neuralgia. The BP (British Pharmacopoeia, 2003) , specifies the non-aqueous titration technique detecting the end point potentiometrically for the determination of tramadol and dothiepin hydrochlorides while acebutolol was assayed in aqueous medium using 0.1 M NaOH titrant. Because of its wide use, several techniques have been reported for its assay in biological and pharmaceutical samples that include a number of high-performance liquid chromatographic (HPLC) (Chandra et al., 2012; Saccomanni et al., 2010) , electrochemical (Garrido et al., 2003) , potentiometric methods (Ganjali et al., 2008; Abu Shawish et al., 2011) , and amperometry (Malongo et al., 2008) , voltammetry (Ghorbani-Bidkorbeh et al., 2010) , and flow injection chemiluminescence spectrophotometry ). The literature reported three spectrophotometric methods differed from our described work (Anis et al., 2011; Abdellatef et al., 2006) .
Morphine (5a,6a-didehydro-4,5-epoxy-17-methylmorphinan-3,6-diol) ( Fig. 1d ), is a therapeutic drug that is used commonly for the control of pain and also abused as an illicit drug. It is recommended by the World Health Organization (WHO) for the relief of moderate cancer-related pain. Moreover, heroin is hydrolyzed in the organism to morphine; therefore, the determination of morphine content of biological samples is helpful for clinical and forensic purposes (Hoffman et al., 1997) . However, it is toxic in excess and when abused. To prevent overdose-induced toxication, it is necessary to sensitively monitor the concentrations of morphine in a patient's blood or urine. Various analytical methods have been developed for the determination of morphine and its major metabolites. The most common analytical techniques currently used include gas chromatography (Matyus et al., 2012; Barroso et al., 2010) , high-performance liquid chromatography (Berga et al., 2009; Ruzilawati et al., 2012) , and their combination with other detection methods, capillary electrophoresis (Mi et al., 2004) , chemiluminescence (Francisa et al., 2008) , voltammetric (Ali et al., 2011; Li et al., 2009) , and electrochemical (Li et al., 2010) . To the best of our knowledge, only a report a-Nalbuphine b-Naltrexone
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Figure 1 Chemical structure of the selected drugs.
was found on the determination of morphine by spectrophotometry (Sheibani et al., 2010) .
Reviewing the literature revealed that, up to the present time nothing has been published concerning the spectrophotometric determination of nalbuphine and naltrexone and little detection has been reported for the determination of morphine and tramadol by spectrophotometric methods. For these reasons, the present study describes simple, sensitive and economical spectrophotometric methods for the analysis NALB, NALT, MORF and TRAM in pure and pharmaceutical preparations. Analytical criteria including linearity, sensitivity, precision, accuracy and recovery are discussed.
Experimental

Apparatus
All the absorbance spectral measurements were made using spectroscan 80 D double-beam UV/Vis spectrophotometer (Biotech Engineering Ltd., UK), with wavelength range 190-1100 nm, spectral bandwidth 2 nm, with 10 mm matched quartz cells.
Reagents and materials
All reagents and chemicals used were of analytical or pharmaceutical grade and all solutions were prepared fresh daily.
Standard solution of pure drugs
A stock standard solution containing 20 mg of nalbuphine (NALB), naltrexone (NALT), morphine (MORF) and tramadol (TRAM) was prepared by dissolving an appropriate weight of pure drugs in distilled water and made up to the mark in a 100 mL calibrated flask. The analytical standard solutions of drugs were prepared daily by appropriate dilution of the stock standard solution in water.
N-bromosuccinimide (0.01%)
A stock solution of 0.01% N-bromosuccinimide (Aldrich Co., Ltd., Gillingham-Dorst, Germany) [1-Bromo-2,5-pyrrolidinedione], (C 4 H 4 BrNO 2 , M.Wt. 177.98 g mol À1 ) was freshly prepared by dissolving 10 mg of NBS in a least amount of warm water in a 100 mL measuring flask and then diluted with distilled water to the mark.
Methyl orange (5 · 10 À4 M)
A stock solution of 5 · 10 À4 M methyl orange (E. Merck) [4-dimethylaminoazobenzene-4 0 -sulfonic acid sodium salt], (C 14 H 14 N 3 NaO 3 S, M.Wt. 327.33 g mol À1 ) was prepared by dissolving 16.36 mg of dye (99% purity) in distilled water and diluting to 100 mL in a measuring flask with distilled water.
Orange G (1 · 10 À3 M)
A stock solution of 1 · 10 À3 M orange G (Aldrich) [1-Phenylazo-2-naphthol-6,8-disulfonic acid disodium salt], (C 16 H 10 N 2-Na 2 O 7 S 2 , M.Wt. 452.38 g mol À1 ) was prepared by dissolving 45.2 mg of dye in distilled water and diluting to 100 mL in a measuring flask with distilled water.
Hydrochloric acid (0.5 M)
A 0.5 M of HCl was prepared by diluting 4.47 mL of concentrated acid (Merck, Darmstadt, Germany, sp. gr. 1.18%, 37%) to 100 mL with distilled water.
Potassium bromide (1.0%)
A 1% KBr solution is used.
2.3. Recommended procedures 2.3.1. Method A: using methyl orange dye Aliquot solutions of pure NALB (1.0-4.5 lg mL À1 ), NALT (1.5-6.5 lg mL À1 ), MORF (1.0-4.0 lg mL À1 ) and TRAM (1.0-5 lg mL À1 ) were transferred into a series of 10 mL volumetric flasks by means of a micro buret. Then, 0.6 mL of 0.5 M HCl was added; followed by 1.0 mL of 0.01% NBS for TRAM and MORF; 0.8 and 1.2 mL for NALT and NALB, respectively and then add 0.5 mL of 1.0% KBr. The contents were mixed and then left for 5 min at room temperature, with occasional shaking. Finally, add 0.8, 0.7, 0.6 and 1.1 mL of 5 · 10 À4 M MO for TRAM, MORF, NALT and NALB, respectively. The absorbance of the solution was measured at 508 nm against a blank solution prepared by the same way without drugs.
Method B: using orange G dye
Varying aliquots of standard solution of NALB (1.0-6.0 lg mL À1 ), NALT (0.5-7.0 lg mL À1 ), MORF (1.0-6.0 lg mL À1 ) and TRAM (1.0-7.0 lg mL À1 ) were transferred into a series of 10 mL volumetric flasks by means of a micro buret. Then, 0.6 mL of 0.5 M HCl was added; followed by 1.0 mL of 0.01% NBS for TRAM, NALT and NALB, and 1.4 mL for MORF and then add 0.5 mL of 1.0% KBr. The contents were mixed and then left for 5 min at room temperature. Finally, add 1.2 mL of 1 · 10 À3 M of OG for each drug and the solution was allowed to stand at room temperature for 5 min. Complete to 10 mL with distilled water. The absorbance of the solution was measured at 478 nm against a blank solution prepared by the same way without drugs. In either method, the concentration of the unknown was read from the calibration graph or calculated using the regression equation obtained by using Beer's law.
Procedure for the tablets
Ten tablets of deltrexone (Manufactured by Delta Pharmaceuticals Co., Egypt) each containing 50 mg of NALT were crushed, powdered, weighed out and the average weight of one tablet was determined. An accurate weight equivalent to 20 mg of NALT was dissolved in 20 mL distilled water and then filtered. The filtrate was diluted to 100 mL with distilled water in a 100 mL measuring flask. This solution was further diluted stepwise to the required concentration with water and then analyzed as described under the general procedure. Suitable dilution was made to fit the applicable concentration range and the above described procedures were followed. The nominal content of the tablet was assayed from the calibration curves.
Procedure for ampoules
The content of five nalufin ampoules (20 mg mL À1 ) of nalbuphine, five morphine ampoules labeled to contain 20 mg mL À1 and five ampoules of TRAM (100 mg/2 mL) (Manufactured by Misr Pharmaceuticals Co., Egypt) were mixed and the average volume of one ampoule was determined. Accurately measured volume equivalent to 20 mg of each drug was transferred into a 100 mL measuring flask and diluted to the mark with distilled water. Suitable dilution was made to fit the applicable concentration range and the above described procedures were followed. The nominal content of the ampoules was calculated either from calibration graph or using the regression equation.
Results and discussion
Optimum conditions
The effects of the reagent concentrations, temperature, mixing time, order of addition with respect to maximum sensitivity, minimum blank adherence to Beer's law and stability were studied through control experiments. The optimum conditions were established by varying one variable and observing its effect on the absorbance of the colored products.
Absorption spectra
The proposed methods are based on the oxidation of TRAM, MORF, NALT and NALB drugs by adding a known excess of NBS in HCl medium, then left for fixed time to enhance the oxidation process of the drugs. After the oxidation of the drugs was ensured to be complete; then the unreacted NBS was reacted with a fixed quantity of dye (MO and OG) and the resulting change in absorbance was measured at 508 nm for MO and for OG at 478 nm. The decrease in concentration of NBS upon reacting with a fixed concentration of MO and OG resulted in an increase in absorbance at 508 nm and 478 nm respectively, due to the bleaching of dyes by the oxidant, which is related to the drug concentrations and the discoloration being caused by the oxidative destruction of the dyes (Fig. 2) . This is observed as a proportional increase in the absorbance of MO and OG with an increase in the concentrations of TRAM, MORF, NALT and NALB, which formed the basis for the assay.
Chemistry of the reactions
NBS is widely used as an oxidizing or brominating reagent for the determination of many pharmaceutically important compounds (Zenita and Basavaiah, 2011; Vinay et al., 2011) . It is also a specific reagent for the bromination of organic compounds at allylic position (Morison and Boyd, 1992) . The analytical reactions involved two steps; the first one was concerned with the treatment of the investigated drugs with a known excess amount of NBS. The second step involved the determination of the excess unreacted NBS via its reaction with a fixed amount of both MO and OG dyes and measuring the absorbance at either 508 nm or 478 nm, respectively. In either method, the absorbance increased linearly with increasing concentration of drugs. The latter methods make use of the bleaching action of NBS on either dye, the discoloration being caused by the oxidative destruction of the dye.
Effect of temperature and mixing time
The effect of temperature was studied by heating a series of sample and blank solutions at different temperatures ranging from 40 to 70°C in water bath. It was found that raising the temperature does not accelerate the oxidation process and does not give reproducible results, so maximum color intensity was obtained at room temperature. The effect of mixing time required completing oxidation of the studied drugs and for reducing the excess oxidant was studied by measuring the absorbance of sample solution against blank solution prepared similarly at various time intervals 5-30 min, at 508 and 478 nm for methods A and B, respectively. It was found that the contact times gave constant and reproducible absorbance values at 5 min at room temperature (25 ± 2°C) for each drug. The time required for complete oxidation of the drug is not critical and any delay up to 20 min in the determination of unreacted NBS had no effect on the absorbance. A 5.0 min standing time was found necessary for the complete bleaching of the dye color by the residual NBS for each drug was found necessary for complete reduction of residual NBS by the two dyes.
Selection of acid type and acid concentration
The reactions were tested in HCl, H 2 SO 4 , HNO 3 , and CH 3-COOH solutions. The results indicate that the reaction is suitable in hydrochloric acid medium. A 0.5 M HCl was found to be adequate for the oxidation of the drugs. The variation in HCl concentration indicated that constant absorbance was obtained with 0.2-2.0 mL of 0.5 M HCl for each drug; so subsequent studies were performed with 0.6 mL of 0.5 M HCl for each drug.
Effect of NBS concentration
The effect of NBS concentration was examined in the range of 0.2-1.4 mL. It was found that maximum color intensity of the products in case of MO was achieved with 1.0 mL of 0.01% NBS for TRAM and MORF, but with 0.8 and 1.2 mL for NALT and NALB, respectively while in case of OG, the maximum color intensity of the products was achieved with 1.0 mL of 0.01% NBS for TRAM, NALT and NALB, but with 1.4 mL for MORF. The color intensity decreased above the upper limit.
Sequence of addition
The best sequence of addition was drug-HCl-NBS-KBr and then the dye. Other sequences gave lower absorbance value under the same experimental conditions.
Effect of KBr concentration
The effect of KBr concentration was studied in the range of 0.5-2.5 mL. 0.5 mL of 1.0% KBr was chosen as the optimal volume to accelerate the oxidation process.
Effect of dye concentration
The effect of MO and OG concentration on the intensity of the color developed was carried out to obtain the optimum concentration of dyes that produces the maximum and reproducible color intensity by reducing the residual of NBS. The effect of concentration of 5 · 10 À4 M of MO was studied in the range of 0.2-1.1 mL. It was found that maximum color intensity of the oxidation products was achieved with 0.8 and 1.1 mL of 5 · 10 À4 M MO for TRAM and NALB, respectively, but with 0.7 mL for MORF and NALT. The effect of concentration of 1 · 10 À3 M of OG was studied in the range of 0.4-1.4 mL and it was found that the optimum concentration to have maximum absorbance was obtained with 1.2 mL of 1 · 10 À3 M OG for each drug. 1-5 1-4 1.5-7 1-4.5 1-7 1-6 0.5-6 1-6 Molar absorptivity, L mol À1 cm À1 7.10 · 10 4 2.46 · 10 5 7.26 · 10 4 1.06 · 10 5 5.13 · 10 4 1.56 · 10 5 7.79 · 10 4 8. 
Method validation
Analytical data
A linear correlation was found between absorbance at k max and concentration of the studied drugs. The graphs showed negligible intercept and are described by the equation:
(where Y = absorbance of 1-cm layer of solution; a = intercept; b = slope and X = concentration in lg mL À1 ). Regression analysis of Beer's law data using the method of least squares was made to evaluate the slope (b), intercept (a) and correlation coefficient (r) for each system and the values are presented in Table 1 . The optical characteristics such as Beer's law limits, molar absorptivity and Sandell's sensitivity values of both methods are also given in Table 1 . The limits of detec-tion (LOD) and quantitation (LOQ) calculated according to ICH guidelines (Validation of Analytical Procedures, 1994) are also presented in Table 1 and reveal the very high sensitivity of the methods.
Accuracy and precision
The precision of the proposed methods was calculated in terms of intermediate precision (intra-day and inter-day). Three different concentrations of the studied drugs were analyzed in five replicates during the same day (intra-day precision) and for seven consecutive days (inter-day precision). The analytical results obtained from the investigation are summarized in Tables 2 and 3 . The percentage relative error (RE%) and the percentage relative standard deviation (RSD%) are considered very satisfactory. This level of precision of the proposed methods was adequate for the quality control analysis of the studied drugs. 
Robustness
Robustness was examined by evaluating the influence of a small variation of the method variables including the concentration of analytical reagents and reaction time on the performance of the proposed methods. In these experiments, one parameter was changed whereas the others were kept unchanged and the recovery percentage was calculated for each time. It was found that small variations in these variables did not affect the method significantly. This was an indication of the reliability of the proposed method during its routine application for the analysis of the investigated drug and so the proposed spectrophotometric methods are considered robust.
Analysis of pharmaceutical formulations
The proposed methods have been successfully applied to determine TRAM, MORF, NALT and NALB in tablet and ampoule dosage forms and the results obtained are satisfactorily accurate and precise as indicated by the excellent% recovery (Table 4 ).
Conclusion
The proposed methods have the advantages of simplicity and rapidity for the determination of four analgesic drugs in pure, pharmaceutical preparations. The assay methods involve less stringent control of experimental parameters such as the stability of the colored species, time of analysis and temperature independence. The reagents utilized in the proposed methods are cheaper, readily available and the procedures do not involve any tedious sample preparation. These advantages encourage the application of the proposed methods in routine quality control analysis of the selected drugs in pharmaceutical formulations. 
